We studied 15 infants with congenital obstructive liver disease to determine the nature and degree of the defect in fat absorption associated with decreased concentrations of bile salts in duodenal contents. The occurrence of steatorrhoea in chronic liver disease is well known both in adults (Sun, Albacete, and Chen, 1967; Badley et al., 1970) and children (Burke and Danks, 1966) , and Losowsky and Walker (1969) have reviewed likely pathogenetic mechanisms.
In normal adults the polar lipid products of the pancreatic lipolysis enter into a water-soluble, micellar complex with conjugated bile salts (Hofmann and Borgstrom, 1964) . Recent studies in adult patients with nonalcoholic cirrhosis (Badley et al., 1970) and during the obstructive phase of infectious hepatitis (Modai and Theodor, 1970) have related the presence of steatorrhoea to the concentration of conjugated bile salts within the intestinal lumen during fat digestion. A better understanding of defects in the absorption of lipids should lead to improved management of their nutrition (Silverberg and Davidson, 1970; Weber and Roy, 1972) .
Material and methods
We studied 15 children aged 2 to 93 months (Table I basis of faecal excretion of "3'I labelled Rose-Bengal of less than 10% over 3 days (Ghadimi and Sass-Kortsak, 1961) , visualization of the biliary remnants at laparotomy, operative cholangiography, and a clinical course compatible with this diagnosis. Of 7 children with chronic obstructive liver disease but patent bile ducts, 1 had a1-antitrypsin deficiency, another had benign recurrent cholestasis (BRC), and the diagnosis of the remainder was called idiopathic obstructive jaundice (IOJ) because diagnostic studies failed to reveal a specific aetiology of the jaundice. 2 children with normal liver function and steatorrhoea due to a specific mucosal defect were used as controls for the intubation studies.
Studies were carried out in the Clinical Investigation Unit of the Hospital for Sick Children. We assessed liver function biochemically; serum concentrations of bilirubin, SGOT, and cholesterol and bromsulphalein (BSP) retention were determined by techniques described in a previous report from this hospital (Sass-Kortsak, Bowden, and Brown, 1956) . Standard techniques were used to measure serum proteins by cellulose acetate electrophoresis, alkaline phosphatase (King and Wootton, 1956) , inorganicphosphate (Gomori, 1942) , calcium (MacIntyre, 1961), prothrombin time (PT), and partial thromboplastin time (PTT) (Hardisty and Ingram, 1965 oil, 12 5 g skim milk powder, 14-0 g dextrose, 1 g concentrations of lipid and bile salts were measured in polyethylene glycol (PEG), and 100 ml water) was each half-hour pool. introduced into the stomach through a gastric tube.
To separate the aqueous phase from the lipid phase, a Intestinal contents were aspirated, pancreatic lipase was sample of intestinal contents from each 30-minute immediately inactivated by heat, and samples from each period was centrifuged in an International 40-B ultrahalf-hour were pooled. Collection was usually continued centrifuge at a force of 105g (mean) Glasgow, Hamilton, and Sass-Kortsak clear, aqueous phase aspirated by means ofa long number 20 needle carefully passed down from the mouth of the tube. Lipid was extracted from 2 ml samples of both whole juice and the aqueous phase, and was measured gravimetrically by the technique of Jeejeebhoy, Ahmed, and Kozak (1970) . This utilized a two-solvent system which extracted all the glycerides and fatty acid, some of the phospholipid, but none of the conjugated bile salts.
Bile salt concentration was measured in a portion of the pooled intestinal contents in each case (Dr. K. N. Jeejeebhoy). After extraction of neutral steroids and saponification of taurine and glycine conjugates, free bile acids were extracted, converted first to their methyl esters, then to trimethyl silyl derivatives which were determined quantitatively by gas-liquid chromatography using 5a-cholestane as an internal standard. The method described by Grundy, Ahrens, and Miettinen (1965) to measure as little as 0 05 mg bile salts was adapted for use with 2 ml aliquots of intestinal juice.
The pH of intestinal contents was measured with a glass electrode and polyethylene glycol concentration determined turbidimetricallyafter precipitationof protein (Hyden, 1956) .
Results
Clinical assessment (Table I ). 11 of the 15 patients were girls; all but 3 were underweight and only 4 were of average height. The patients with extrahepatic biliary atresia were younger (6 + 5 months)* than the rest (47±27 months).* 12 patients were jaundiced; 6 probably had portal hypertension on the basis of splenomegaly, oesophageal varices, and large venous collaterals; 3 had pruritus; 2 bruised easily; 1 had recurrent epistaxis; and 1 had xanthomas. Diarrhoea was a complaint in only 1 patient.
Hepatic function (Table I) . Total serum bilirubin was increased in 13 cases and in 12 conjugated bilirubin was also raised. All had raised serum concentrations of SGOT; most had raised concentrations of alkaline phosphatase and cholesterol. Those without hyperbilirubinaemia retained bromsulphalein abnormally. In 3 patients, 2 with extrahepatic biliary atresia, there was evidence of advanced hepatocellular damage, as judged by decreased serum albumin concentrations and abnormal prothrombin and partial thromboplastin times, not correctable by parenteral administration of vitamin K.
Fat absorption (Table II) . Faecal fat excretion exceeded 15% of dietary intake in all but 4 cases. The mean for the group was 27 + 16%;* those with extrahepatic biliary atresia (31 ± 13%)* did not differ from the others (23±18%)*. Lecithin, *Mean + SD. administered by mouth, had no significant effect on faecal fat excretion, in either 7 cases of extrahepatic biliary atresia or in 2 with incomplete biliary obstruction.
Fasting concentrations of vitamin A in serum were abnormally low in all but 6 patients. 4 of these and 2 additional patients had a normal rise after an oral dose of the vitamin. 2 of those with extrahepatic biliary atresia had a normal rise as compared to 4 of the 5 other patients.
Total serum calcium concentrations were normal in all cases when referred to albumin concentrations. No rickets was found at the time of study, though it had previously occurred in 1 patient (Case 9).
Intestinal contents (Table II) . Volume. The total volume of juice obtained from each patient during the total collection period varied greatly. The mean was 104 +46 ml* for the entire group. There were no significant differences between groups with and without total biliary tract obstruction or between those with and without steatorrhoea.
Dilution. Polyethylene glycol concentrations measured in aspirated contents after administration of the test meal gave an estimate of the degree of dilution of the water soluble constituents of the meal by intestinal secretions. Mean concentrations ranged from 2 0 to 8 3 mg/ml suggesting about a two-to sevenfold dilution. There was no significant difference between those with biliary atresia and the rest, or between those with steatorrhoea and those with normal fat absorption.
Fat content. The absolute quantity of lipid extracted from whole juice (16-6+39'2 mg/ml)* and from the aqueous phase (5-6+4-5 mg/ml)* varied greatly within the group. A more definite pattern was found when the degree of solubilization of lipid in the aqueous phase was calculated as a percentage of the total lipid found in the intestinal contents. Incorporation into the aqueous phase was significantly less in patients with steatorrhoea than in those with normal absorption (P <0-001). Furthermore, this was apparent during each of the four collection periods, but was most striking during the first hour of the study when solubilization rose sharply in the latter group but decreased progressively in those with steatorrhoea (Fig. 1) . The relation of daily fat excretion to the percentage oflipid solubilized was shown by the method of least squares to be exponential (Fig. 2) (Hofmann, 1968) . The 5 children in whom no bile salts could be detected have no doubt caused the low mean and the apparently skewed distribution. Normal concentrations were found in those who absorbed fat normally, though all had lower concentrations than the mean reported in adults (Go et al., 1970; Badley et al., 1970) . Fig. 3 shows that there was a strong positive correlation between solubilization of dietary fat and bile salt concentration in intestinal contents (r = + 0 84). Hence, it is not surprising that the relation of daily fat excretion to bile salt concentration is similar in type to that in Fig. 2 , and it is noteworthy that the bile salt concentration, above which normal fat absorption may be expected, is close to the critical micellar concentration of 2 mmol/l. The positive intercept in the regression equation (Fig. 3) suggests that a small amount of lipid, approximately 10%, might be solubilized even in the absence of bile salts. Surprisingly, one patient with extrahepatic biliary atresia solubilized a third of the luminal lipid and had a low faecal fat excretion despite a negligible concentration of bile salts.
The pH of intestinal contents did not differ from published normal figures (Go et al., 1970) . In comparing groups with and without steatorrhoea and those with and without extrahepatic biliary atresia, there were no differences.
Discussion
Our studies show the capacity of the infant to assimilate fat in the presence of negligible quantities Glasgow, Hamilton, and Sass-Kortsak of bile salts in the upper intestinal lumen. Steatorrhoea was expected to be found because of the roles played by bile salts in normal fat absorption, the most important being to assist in dispersal of lipolytic products into an aqueous micellar phase in which they can reach the absorptive cell (Hofmann and Small, 1967; Johnston, 1968) . Burke and Danks (1966) found a comparable high incidence of steatorrhoea in a similar group of patients.
In our patients with steatorrhoea luminal bile salt concentrations were below the' critical micellar concentration (CMC) for conjugated bile salts under physiological conditions (Hofmann, 1968 , 1971) and cirrhosis (Atkinson, Nordin, and Sherlock, 1956; Krone et al., 1968; Badley et al., 1970; Miettinen and Siurala, 1971; Losowsky and Walker, 1969; Sun et al., 1967) , and after extensive ileal resection (Krone et al., 1968; Van Deest et al., 1968; Hardison and Rosenberg, 1967) . The explanation for absent or grossly diminished concentrations of bile salts in the bowel lumen is obvious in our cases of biliary atresia. The relative importance of obstruction and hepatocellular failure in those with incomplete obstruction cannot be finally determined from these data. 3 patients with jaundice (Cases 10-12) had subnormal bile salt concentration and steatorrhoea, while those with absent or subclinical icterus (Heath and Morris, 1963) , and though aqueous solubilization of monoglyceride is very low, fatty acid has a definite solubility (Lucassen, 1966; Rosano et al., 1966) . In rats (Hamilton, 1971) and in man (Hoffman and Hofmann, 1972) absorption of fatty acid from emulsions has been shown. In man absorption by this route is less rapid than from micelles, but it may extend throughout the length of the small bowel (Porter et al., 1971 (Knoebel and Ryan, 1963) .
Vitamin A absorption measured indirectly by the response in serum to an oral dose was in general diminished, an expected finding since bile is essential for the normal absorption of the fat soluble vitamin (Zachman, Dunagin, and Olson, 1966; Gagnon and Dawson, 1968; Forsgren, 1969) . In several patients there was no relation between data on vitamin A absorption and faecal fat excretion or luminal bile salt concentration. In other malabsorptive disorders, such as coeliac disease, the test correlates poorly with steatorrhoea (Hamilton, Lynch, and Reilly, 1969) . The absence of rickets when our patients were studied undoubtedly reflects the administration of supplemental vitamin D to these infants before the study, since this fat soluble vitamin, too, is dependent on bile for normal absorption (Avioli et al., 1966; Forsgren, 1969) . Indeed, Case 9 who had had severe metabolic bone disease in association with obstructive jaundice healed only when ultraviolet light therapy was added to large doses of vitamin D. Modai and Theodor (1970) 
